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FAlo] 1 A& CO AH3EE-, Cu-Mn E3413HE, Cu(OH), 4131319, XPS, He-TPR

Abstract: The Cu-Mn mixed oxide catalysts with different molar ratios of Cu/(Cu+Mn) prepared by
co-precipitation method have been investigated in CO oxidation at 30°C. The catalysts used in this study were
characterized by X.ray Diffraction (XRI)), N; sorption, X-ray photoelectron spectroscopy (XPS), and Ha-
temperature programmed reduction (Hp-TPR) to correlate with catalytic activities in CO oxidation. The N
adsorption-desorption isotherms of Cu-Mn mixed oxide catalysts showed a type 4 having pore range of 7-20
nm and BET surface area was increased from 17 to 205 m™g’ with increasing of Mn content. The XPS
analysis showed the surface oxidation state of Cu and Mn represented Cu’*and the mixture of Mn*‘and Mn",
respectively. Among the catalysts studied here, Cu/(Cu+Mn) = 0.5 catalyst showed the highest activity at 30°C
in CO oxidation and the catalytic activity showed a typical volcano-shape curve with respect to Cu/(Cu+Mn)
molar ratios, The water vapor showed a prohibiting effect on the efficiency of the catalyst which is due to the
competitive adsorption of carbon monoxide on the active sites of catalyst surface and finally the formation of
hydroxyl group with active metals.

Keywords : Low temperature CO oxidation, Cu-Mn mixed oxide, Cu(OH), Redox, XPS, Ho-TPR
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Table 1. Textural properties of Cu-Mn mixed oxides with a
different Cu/(Cu+Mn) molar ratio used in this study
and their CO oxidation activities

Cu/(Cu+Mn ‘
m(fm mm) sper ot Mj?“g‘i POfE (63 conv.
molar ratio | (5 iy volume iameter ()
Solution® EA” (e g™ (nny)
1.00 1.00 17 0.086 20.7 1.9
0.7% 0.29 129 0.226 7.0 85.5
0.50 0.23 205 0.561 10.9 97.1
0.25 0.18 208 0.408 8.0 78.4
0.00 0.00 204 0.398 7.8 23.4

* Solution composition used to prepare Cu-Ma mixed oxide catalysts.

® Bulk composition determined using ICP-AES analysis.

“ Conversion at 2 h time on stream, reaction conditions: 30°C, 90,000
cms'g cat”' b GHSV. 0.5 vol.% CO and 20 vol.% O; in feed.
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Figure 1. Powder XRD patterns of Cu-Mn mixed oxide with
different Co/(Ca+Mn) molar ratios: (a) MnQ,, (b)
Cu/(Ca+Mn) = 60.25, (c) 0.58, (d) 0.75, and (e)
CuQ. Cu-Mn mixed oxide catalysts were calcined
at 300°C for 2 h under air flow.
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Figure 2. N, adsorption-desorption isotherms of Cu-Mn
mixed oxide catalysts with different Cw/(Ca +Mn)
molar ratios: (€,$>) MnQ,, (¥,<) Cu/(Cu+Mn)
= 025, (&,2) 0.50, (§,0) 0.75 and (M, CuO.
Closed and open symbols denote adsorption and
desorption, respectively.
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Figure 3. H;-TPR profiles of Cu-Mn mixed oxide with
different Cu/(Cu+Mn) molar ratios: (a) MnO,,
(b) Cw/(Cu+Mn) = 0.25, (c) 0.50, (d) 0.75, and
(&) CuO.
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o) &bx) gk Az ol el Cu'/Cu™ 9] B7} thE Awd
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Table 2. Binding energies of Cu 2p, Mn 2p, and O Is and surface atomic composition determined by quantitative XPS analysis

Binding energies’ (% . composition)

Cu/ (Cu+Mnb) OlseV) Mnizpsa(eV) Cu’™”
molar ratio O, or Oy 3+ 2 St g 3
Otarrice Obyony H,O (O1+Op, Mn Mn Mn" " /Mn CuO Cu(OH}),

CuO 529.3 (62) 530.8 (30) 5323 (8) 0.67
0.29 529.3 51) 5309 (29) 532.6 20) 0.63
0.23 529.5 (56) 531.0 34) 35326 (9 0.62
0.18 529.4 (54) 5308 (33) 532.5 (13) 0.62
MnO; 529.5 (51) 33%0.8 (37) 5329 (12) 0.58

641.5 (55) 6434 (27) 645.1 (18) 2.1
G41.6 (6D) 6435 (23) 6455 (17) 2.6
641.7 (64 643.6 (213 645.9 (15) 3.1
642.0 (71 643.9 (19) 643.8 (10) 3.8 - -

933.1 0y 933.1 GO
933.2 (70) 935.2 (30)
9334 (72) 935.3 (28)
933.5 (77) 935.6 (23)

* Binding energies are referenced to C 1s = 284.6 eV,
Bulk composition determined using ICP-AES analysis.
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Figure 4, XP spectra of (A) Cu 2p, (B) Mn 2p, and (C) O
Is of Cu-Mn oxides with different Cu/(Cat+Mn)
molar ratios. (a) MnO;, (b) Cw/(Cu+Mn) = 0.25,
(c) 0.50, (&) 0.75, and (e) CuO.
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Figure 5. CO conversion in the isothermal reaction of CO as
a function of reaction time over Cu-Mn mixed oxide
catalysts with different Cu/(Ca+Mn) melar ratios:
(#) MnO;, (¥) Cu/(Cut+Mn) = 0.25, (A) 0.50,
(@) 0.75 and (M) CuO. Reaction conditions: 30°C,
90,000 cm’™g cat.”-h”" GHSV. 0.5 vol.% CO and 20
vol.% O, in a balance of N,.
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Figure 6. CO conversion in dry or wet conditions as a function
of time on stream over 0.5Cu-0.5Mn mixed oxide
catalyst. Reaction conditions: 30°C, 90,000 cm’g
cat.-h"! GHSV. 0.5 vol.% CO and 20 vol.% O; in
a balance of N; where 1 or 3 vol.% water vapor was
repeatedly added. D1, 2, 3 means Dry conditions.
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